-214 -chemical, and mechanical properties of wood during extended storage or usage which may occur due to climate, environment conditions, and wood-destroying organisms such as insects, fungi, bacteria, and marine borers (Sandoval-Torres et al., 2010; Kránitz et al., 2016) . Artificial modifications of wood color have been widely applied, but mostly toxic chemical staining was used.
The aging of wood can be accelerated by artificial aging methods that simulate the conditions of outdoor weathering or indoor photodegradation processes (Pandey and Vuorinen, 2008; Park et al., 2016 ). An environmentally-benign technology that has been used as an accelerated wood aging method to modify wood color is heat treatment of wood (Mitsui et al., 2001; Ganne-Chédeville et al., 2012) . Heat treatment induces color changes in wood, especially darkening (Bekhta and Niemz, 2003) . In comparison to wood staining, the color change by heat treatment takes place not only on the surface but in the whole wood including the inner parts with no toxic chemical used during the process (Esteves and Pereira, 2009; Kranitz et al., 2016) .
The light color of Korean white pine (Pinus koraiensis) and royal paulownia (Pauwlonia tomentosa) can be altered by heat treatment into a darker color similar to highly-valuable woods such as ebony and teak, which is an aesthetical advantage for some applications (Mitsui et al., 2001; Bekhta and Niemz, 2003) . In addition, heat treatment can grade up the wood properties, particularly the dimensional stability (Chang et al., 2012; Hwang et al., 2015; Kim, 2016) and decay resistance (Kamdem and Pizzi, 2002; Hakkou et al., 2006) .
Heat treatment can cause both desirable and undesirable color change defending on the process conditions such as treatment temperature, duration, and furnace atmosphere conditions (Sundqvist, 2002; Bekhta and Niemz, 2003; Lee et al., 2015; Won et al., 2015; Kim, 2016) . In addition, our previous studies with high density wood as okan (Cylicodiscus gabunensis)
showed that the application of mechanical restraint also affected the intensity of color change after heat treatment and contributed positive effects in preventing drying defects and minimizing strength reduction (Hidayat et al., 2015; Hidayat et al., 2016) . In this study, we applied the mechanical restraint during heat treatment of low density woods as Korean white pine and royal paulownia. Heat treatment was performed under different temperatures to obtain good color appearance and to avoid undesirable color change. To determine optimum temperature resulted on the desirable color change of the wood, we also studied the consumer preferences towards color of the heat-treated woods. The results could provide valuable information to increase added value of such wood species.
MATERIALS and METHODS

Materials
Boards from Korean white pine (Pinus koraiensis) and royal paulownia (Paulownia to- heat treatment, the surfaces of the boards were sanded prior to color measurement.
Methods
Heat treatment
During heat treatment, the boards were stacked with the clamps (Fig. 1a ), using similar method described in previous paper . The boards were also stacked without the clamps for comparison (Fig. 1b) . Heat treatment was initiated at room temperature and then rose to the target peak temperatures of 160℃, 180℃, 200℃, and 220℃ with a heating rate of 2℃/min. The target temperatures were maintained for 2 hours and in the final stage of the heat treatment process, the oven chamber was allowed to cool naturally until they reached 30℃. Then, the boards were taken out and stabilized at room temperature and relative humidity of 65% for 2 weeks until further testing.
Color evaluation
The colorimetric evaluation was performed using the CIE-Lab system (Esteves et al., and the overall color change (ΔE*) were calculated using the following equations,
where , The values of color changes (ΔE*) were then used to define the levels of perceived difference in color (Cui et al., 2004; Valverde and Moya, 2014) . ΔE* between 0 to 0.5 is defined as negligible, between 0.5 to 1.5 is slightly perceivable, between 1.5 to 3.0 is noticeable, between 3.0 to 6.0 is appreciable, between 6.0 to 12.0 is very appreciable, and more than 12.0 is totally changed.
Color preferences survey
Public survey was conducted to determine preferences of consumers associated with wood color for flooring application. Accidental sampling method was used by choosing the respondents who were readily available and wished to participate for the survey. Survey was performed in Kangwon National University, Republic of Korea. Two poster sets were prepared, one set using Korean white pine wood and another set using royal paulownia wood. -Age between 31-40-year-old, consisted of 38 male respondents and 22 female respondents.
-Age above 40-year-old, consisted of 10 male respondents and 32 female respondents.
RESULTS and DISCUSSION
Color changes
The appearances of Korean white pine and royal paulownia boards before and after heat treatment are shown in Fig. 2 
Consumer preferences towards colors of heat-treated woods
Information about consumer preferences towards wood products is one of the important considerations to several decision makers in the forest sector (Hoibo and Nyrud, 2010) . The study that reveals consumer preferences could provide useful information for marketing and manufacturing of wood products, and also provide information of relevance to designers and decision makers involved in building design and construction processes. Color is an attribute of visual perception, which is one of the important factors that influence customers when choosing wood products (Sandoval-Torres, 2010) .
In this study, the overall results of color preferences test revealed that respondents expressed a stronger preference for the darker color of Cui et al. (2004) and Valverde and Moya (2014) : (1) negligible: ΔE* between 0 to 0.5; (2) slightly perceivable: ΔE* between 0.5 to 1.5; (3) noticeable: ΔE* between 1.5 to 3.0; (4) appreciable: ΔE* between 3.0 to 6.0; (5) very appreciable: ΔE* between 6.0 to 12.0; and (6) totally changed: ΔE* more than 12.0. 
